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(54) Mathod for curing ultraviolet-curable silicone cornpocltlonc 



(57) There is disclosed herein a method for curing 
UV-curabte silicone compositions, characterized by the 
formation of cured silicone, having a low-Jack surface 
lhat is harder than the ritenbr. The cured silicone Is pro- 



duced by exposing an UVourable silicone composition 
to uhravioleiracfiailon aia ratio of ihe exposure dose for 
wavelengths of ZOO to 260 rvn (excluding 280 nm) to the 
exposure dose for wavelengths of 280 to 400 nm of 0.5 
to 10.0. 
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Description 

The present invention provides 10 a meihod for cur- 
ing ultraviolet (UV) curable silicon o rubber compostttona 
that yield, upon exposure Co a particuiar type of UV ra- 
diation, cured sificone having a low-tack surface which 
is harder than the interior. 

UV-curable silicone compositions, which cure rap- 
idly into silicone under UV illumination, are Widely used 
in industrial applications. Those <axn positions are ex- 
emplified by JP-A 57-52371 ; EP 0400785; and U.S. Pat- 
ent 4.707,50a The Irradiation of these siKeone compo- 
sitions with ultraviolet light Is carried our using well- 
known light sources, such as mercury lamps, hydrogen 
discharge tubes, xenon dischargo tubos, metal halide 
lamps, and so forth. 

However, the direct exposure of UV-curable silicone 
compositions to U V light from these tight sources also 
yields cured silicons with a very tacky surface. This can 
cause difficult handling. In addition, such surfaces read- 
ily pick Up din and dust, which causes a substantial de- 
terioration In appearance. These problems are particu- 
larly acute with tower-hardness cured silicones. For ex- 
ample, when a silicone gel is formed on tho surface of 
an optical semiconductor element using a UV-curable 
silicone composition, the dust and dirt picked up by the 
surface will cause a major decline in the performance of 
the element. 

We have performed extensive investigations to 
solve the above-de&cribed problem. As a result, wo 
found that UV tight in the short wavelength region is a 
major contributor 10 curing silicon a compositions at the 
surface, We also found that low surface tack cured sili- 
cone, whose surface is harder than its interior, is also 
produced by exposure to U V light at a short wavelsngxh 
exposure to long wavelength exposure dose ratio within 
a particular range. Our invention was achieved based 
on these discoveries. 

In specific torms, then, the present invention takes 
as res object the introduction of a method for curing UV- 
curable silicone compositions thai characteristically pro- 
duce cured silicone rubbers having a low-tack surface, 
which Is harder than the interior. These rubbers are at- 
tained by exposing a UV-curable silicone composition 
to a particular type of UV radiation. 

' The method of the present invention is specifically 
characterized by the formation of cured silicone by ex- 
posure of an UV-curable Silicone composition to ultravi- 
olet radiation at a ratio of the exposure dose for wave- 
lengths of 200 to 2B0 nm (excluding 280 nm) to the ex- 
posure dose for wavelengths of 260 to 400 nm of 0.$ to 
10.0. 

The nature at the UV-curable silicone composition 
subjected to the present Invention Is not crucial. Typical 
silicone compositions that may be used include, those 
in which the base ingredient is acrylamide-f unctfonai or- 
oanopotyelloxane, as in JP-A 57-52371 or EP O4007&5; 
and those tn which the base ingredients are an ergano- 



pcfysiloxane with at least 2 mercaploaJkyl groups in 
each molecule and an organopotyslloxane with at least 
2 afkenyt groups in each molecule, as rn U.S. Patent 
4,707,503. Other operable UWcuraWe silicone compos 

s sit ions are those In which the base ingredient is an ejke- 
nyMunctfona! organopoiys0oxane; those In which the 
base ingredient is an acrylic-functional or methacrytic- 
functional eyganoporysiloxane; and those in which the 
base ingredients are ah oirgariopofyailoxane having at 

10 least 2 alkenyl groups (n each molecule and an orgarv 
opolysuoxane having at least 2 silicon-bonded hydrogen 
atoms in each molecule. Preferred for the present in- 
vention are UV-curable silicone compositions of the 
aformcfrtioned patents. 

is The nature of the acrylamidc-funciional organ opo- 
lysitaxane is not crucial, and it is exemplified by. but is 
not limited to: dimeihylpolysiloxane, endblocked by acr- 
ytamtdopropyidlmethyleiloxy at one or both molecular 
terminate; dlmeihylpolyslloxane, endblocked by N- 

£0 memylacrylamldopropyWimeihylsiloxy at one or both 
molecular terminals; dlmethylpoty&lloxane, en oto locked 
by acrylamld o lsobutyklimetriylsikoy at one or both mo- 
lecular terminals; dimethylpolysiloxane, endblocked by 
N-fflethytacrytarnidot&o^ at one or 

z£ both molecular terminals; dimethy^olysiloxane-methyl- 
phenytsiloxane copolymer, endblocked by acrylamloo- 
propyfc^methytelloxy at one or both molecular terminals ; 
dimeirrylsilc^ne-rnelhyiphenylsibxane copolymer, 
endblocked by NHiiethylacryiamidopropyidimeth- 

30 ytsibxy at one or both molecular terminals; dmethylsi- 
bxane-methyiphenytslloxane copolymer, endbbekod 
by acryt^ktoisoburyfdimerfiylsirbxv at one or both mo- 
lecular terminals; cTuirieih^slloxane-methylphenylsi^ 
ioxane copolymer endblocked by N^ethylacrylamiobi- 

36 sobutyWimethylsitoxy at one or both molecular termi- 
nals; dlmeihylsltaxane-diphcnylsnaxBne copolymer 
endblocked by acrytemiobpropyidimothyleiloxy at one 
or both molecular terminals; dlmethylelloxane-dlphenyt- 
elloxane copolymer endblocked by acrylamiobf- 

46 sobirry Wimetny J&i kscy at one or both molecular termi- 
nals; cUmethyteiloxane-methylvinytsiloxane copolymer 
endblocked by acrylamiooprcvyWimelhylsiJoxy ai one 
or both molecular terminals; dlrnethyteitaane^riethylvi- 
nyteiloxano copolymer endblocked by acn/tarnidol- 
sobutyldlmethyisUoxy ai one or both molecular termi- 
nals; diphenylsiloxane-frtelhyiphen^ copoly- 
mer endblocked by acrylamfdcoropyld'fx^enylsSoxy at 
ono or both molecular terminals; methyiphonytpoiysU 
Ioxane endblocked by acnylamlaopreoylmethyiphenyl- 

so sfloxy at one or both molecular terminals; elphenyl- 
polyslloxane endblocked by aerylamtdopropyidiphenyl- 
sitoxy at one or both moleculanermlnals; metrrytphenyl- 
poryslioxane, endblocked by a^n/lamlctoprepyldiphenyl- 
siloxy at onty one molecular chain terminal; dtmethyl- 

55 poiyeiloxane bearing acryiarridoprepyl In a nonterminal 
pos ft ion; dmeihylporysjlcocane bearing N-methylacryta- 
mkloprooyl in a nonterminal position; dtrnethytporysi- 
bxane bearing acrylamiaoisoburyl In a nonterminal po- 
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sttton; drneihytpolyslkwane bearing N-methyferrylami- 
dcisobutyl in a nonterminal position; o%nein^aoxene- 
meihytphenylslloxane copolymer bearing scrytamido- 
propyt In a nonterminal position; oTmethytetacane-meth- 
ytphonytslloyana wporymor bearing acrylamldolsobutyl 
In a nonterminal position; dimethylsitaxane-memytvtnyt- 
siioxane copolymer bearing acrytamidopropyi in a 
nontomninal position; and dimethytsitaane-meuiytvlnyl- 
sfkaane copolymer bearing arrylamidoisoburyi In a 
nonterminal position, The atomsald onjanopolysi- 
loxanes may be used singty or as mixtures of two or 
more selections. 

The nature of the mercaploaltyMunctional organo- 
pelysBoxano is also not crucial, and it is exemplified by, 
bat fs not limited to: dlmethyt(3-mercaptopropyl)saaxy- 
andb locked dknethytpolysiloxane; c5methyl(3-ittercap- 
topropyl)slroxy-endblocked dirrterhylsiozane<nethy(- 
phenylsiloxane copolymer, dimeihyl(S-mercaplopropyl) 
sitaxy-endb locked dImaihytelloxane-dlphenylsOQxane 
copolymer, mathyl(3-n^rcaptopropy0siloxane<fimeth- 
yleiloxane copolymer; meThy1(3-mercaptopfopyt)sl- 
IcBcana^neihylphonytsitoacano copoiymor. methyl 
(S^ofcactuprupyDsitoBjie^iphenylBDoxane copoiy- 
mar, 3-fn8r<^toprcpy1{phoriy]5siiaxanc>dimoihybh 
ioxarte copolymer; and 3-mercaptopropyKphenyl)sh 
foxane-o^henylsiloxane copolymer. These me reap- 
toeJkyWvneftonai orpja^oporysitoxanes may also be 
used singly or as mixtures of two or more selection*. 

The alkenyM unctJonal organopotysiloxane is exenv 
piifiad by. bm is not limited to; o^ethyMnyteiloxy-end- 
btocked dirtiethylpotysllcxane dirrie^yMnylslloxy-encr 
blocked dimetri^sltoxane-methylphenylsiloxBne copol- 
ymer; elmelriyrvirrylei1c^^dblc)c^ . dkneihylsh 
ioxane-diphanylsitoatane copolymer; dimethyKnnyts^ 
loxy-endblocked cflrnemylelie«e^e^ieihytvinyleHoxane 
copolymer; dlmerhylvmylslloxy^dblocked diniethytet- 
loxane-pheriyhnnylBiloxane copolymer; dimethyMnylsl- 
loxy-endbiocked momyMnytpoiysiloxane, mothyhrinyl- 
silojcane-djfnaihylslloxanc copolymer memylvinytei- 
IcOTne-metriylphBnyleiloxane copolymer, methyhrinytel- 
loxane-dlphonylslloxano copolymer, phenylvinylsH 
kwane<fimethyl3ilaxane copolymer; and ptienytf nyfsl" 
loxane^llphenylelloxane copolymer. These ajkenyl- 
f unctional organopol y sitatenee may also be used singly 
or as mixtures of two or more selections. 

While the amount at alkenyHu notional organopoly- 
sjloxana Is not crucial, li Is preferably added In a quantity 
ihat will give 0.1 to 6.0 moles of alkenyl radical from this 
organccelysOoxane per mole of mercaploalKyl radical in 
the mercaptoalkyMunctional organopoiysiloxane. 

Insofar as the object of the invention is not Impaired, 
our UV-curable silicone compositions may also contain 
a phooainaiator as an optional component. The photobv 
Riators thai may be used are acecophenone and its qV 
nVatNes, such as dlchioroacetaphenone, vfchloroace- 
Tophoncno, iert-butyRrichk>roecetophenone, 2,2-oV 
elhoxyacq t opheno n e, and p^methylamlnoacotDpho- 
none; benzoin and its derivatives, such as benzoin me- 



thyl ether, benzoin ethyl other, benzoin butyl ether, and 
benzoin n-buiyl ether; benzophenone and Its deriva- 
tives, such as g^lembenzophenone, p,p'-dkdnloroborv- 
zophenorte, and p.pT-btsdieihylamkiobenzophenone; p~ 
s olrrtethylamlrvapropUxahGnbrio; MlcMeVs ketone; ben- 
zyl; benzyl dimethyl ketal; monoaurRdo; ihloxanthona; 
2<hbro(hiaxanthone; 2-methytthi0xenthQne; azocaobu- 
tyrortilrile; benzoin peroxide; dMan-butyl perexkje; l-hy- 
droxycyclortexyl phenyl ketone; 2^Tydraxy-2-methyl- 
io 1 ^errytpropan- 1 -one; 1 -(4-leopropylphenyl)-2*hV 
drpQfy-2*mothytpnDpan*i -one; methyl benzoytformaie; 
diphenyl sulfide; anthracene; 1-chtoroanthraqujnone; 
diphonyl disulfide; oTacetyl; hexachferobutadiene; pen- 
laehlorobutadlene; octachlorobutadiono; and 1 -chic- 
's lomothylnaphthalena. Particularly preferred photoinrtfa- 
tors are acetophenone. benzoin, benzophenone, and 
their derivatives. The quantity of pJiotoin/Uator thai may 
be used In the present invention is not critical^ However, 
the preferred quanity of photoinltetor is o.i to 1 0 weight 
20 percent based on the total composition. 

Our UV-curable eiicone composition may contain, 
for example, the following- as optional components, 
again Insofar as tho object of the invention is not im- 
paired; photosensitize rs, including rvbutytamina, rfi-n- 
2& butylamine, irl-n-bulylphosphlne, ally (thiourea, S-ben- 
zylisothiuronium p-toluenesutfinste, triethylamine, and 
tfathylejTfooethyl methaerylata; inorganic fillers, turned 
e Ilea and quartz powder, thermally conductive fillers; in- 
cluding electrically conductive fillers, metals and Includ- 
30 ing metal compounds: pigments; dyes; and organic sol- 
vents, such as hexane, heptane, toluene, and xylene. 

The form of the cured silicone afforded by our curing 
method Is not crucial, and the cured silicone may be, for 
example, a gel, rubber, or resin. Gets are preferred bo- 
as cause they fully exploit the effects at the present Inven- 
tion. The viscosity of our UV-curable silicone composi- 
tion is not crucial, but a viscosity at 25* C from 10 to 
100,000 rriPas (centlpoiee) Is preferred for good han- 
dling characteristics of the composition and good phys~ 
to ical properties in the cured silicone product. 

Our curing method requires that the UV-curable sil- 
icone composftion be illuminated with ultraviolet light at 
a ratio of the exposure dose for wavelengths of 200 to 
280 nm (excluding 280 nm) to the exposure dose for 
*6 wavelengths of 280 to 400 nm (hereinafter the short- 
wavelength to long-wavelength exposure dose ratio or 
SWED/LWED ratio) of 0.5 to 10.0. The surface of the 
cured silicones will bo extremely tacky when curing is ef- 
fected by direct ilumination with UV light from known 
so sources (e.g.. mercury lamps, hydrogerwiischarge 
tubes, xenon-discharge tubes, and metal hatide lamps) 
with their SWED/LWED ratios below 0.5. At the other 
end of the range, when UV light is used at a &WE0/ 
. LWED ratio in excess of 10.0, the resulting cured siii- 
ss cone wil have a very hard surface wkh a largo number 
of cracks m lis surface. No particular restriction* apply 
to the specific technique used In our curing method to 
effect exposure to UV UpJH at a SWED/LWED ratio of 
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0.5 to 10.0. For example, A UV-cur filter can be used 
with a conventional light source having a SWED/LWED 
rate below 0.6 to adjust the 6WECVUWED ratio to 0.5 
to 10.0. 

vv&h regard to Ihe use of conventional light sources 
In our curing method. UV-eut filters are available com- 
mercially for adjuring the SWED/L.WED ratio ot said 
conventional light sources to 0.S to 10.0. Stacks of these 
filters may also be used. Alternatively, direct exposure 
to UV ligm from a conventional source may be used, 
while at Hie same time effecting exposure to UV light 
from a conventional source that has been passed 
through a UV-cur filter. As another alternative, these two 
types of exposure can be canted out sequentially rather 
than simultaneously. The exposure dose at 280 to 400 
nm and the exposure dose at 200 to 2B0 (excluding 260 
run) irradlaied on the UV-curable sflicone cornposition 
can be readily determined using en ultraviolet doss me- 
ter or similar device. 

The conditions under Which our UVcurable silicone 
composition Is exposed to UV light are not critical for our 
curing method. For example, the cornposition can be Ir- 
radiated ft the air. under a vacuum, or in an inert gas 
(e.g., nitrogen, argon, and helium) at room temperature, 
while coofing, or while healing to 50"C to 150-C. Irradi- 
ation in ajr at room temperature Is particularly preferred. 

Our curing method produces cured silicone whose 
surface Is harder than lis Interior More particularly, this 
method produces silicone gsl having a tacMree silicone 
rubber skin at its surface. As a result of these features, 
this curing method is useful for the formation of protec- 
tive coatings on the surface of semiconductor elements; 
for the formation of coriformal coatings on the surface 
of electrons; circuit substrates; for the formation of print 
patterns; and me like. Our curing method is especially 
useful for the surface formation on semiconductor ele- 
ments or silicone get which presents aiack-frae silicone 

rubber «kln tKat «o> rooicrtam to 4Ho odKoown of dirt 

dust. 

The method according to tho present Invention for 
curing UV-curable silicone compositions will be ex- 
plained in greater detail through working examples. The 
viscosity values reported in the examples were meas- 
ured at 2S"C, To evaluate the status of the cure at the 
surface and in the interior of the cured silicone, the U V- 
oureble silicone composition was oast on an aluminum 
dish to a thickness of approximately 5 mm. After expo- 
sure to UV light, the cured silicone was removed from 
the aluminum dish, and both the surface and the interior 
of the cured silicone were inspected by touch. 

■Sample 1 

A UV-curabte silicone composition was prepared by 
mbdng 2 weight pans of 24iydroxy-2-mefriyVl -pnenyt- 
proparvl-ane to homogeneity into 100 weight parts of 
dimoihylsik»aJie^ethylprier^6ik3Xane copolymer, 
endotacked a tone molecular terminal with N*rrtethylacT- 



ylsmidobutyldlms^sljcgry and endblocked a! the other 
Terminal with trirrwlhylailoxy, The viscosity, at 25 •C. of 
the copefytftef was 3060 mPae (cenripotee). The molar 
ratio of dimethylsiloxane to melhytphenytailoxane In the 

s copolymer was 10:1. 

This composition was directly irradlaied wtth UV 
ight from a high-pressure mercury lamp while being si- 
multaneously irradiated with UV light from a highpres- 
sure mercury lamp thai had been passed through a UV- 

« cut filter. The product was a silicone gel having a low- 
tack silicone rubber skin at the surface. Tliia silicons gel 
was produced using an exposure dose of 3 J/cm 2 for 
the 280 to 400 nm wavelengths and an exposure dose 
of 4.8 J/cm 2 for the 200 to 260 nm wavelengths (exefud- 

f* big 280 nm). 

The following were mixed to homogenaity to give a 
*> UV-curable silicone composition; B weight pans of trl- 
metrrylell«cy^noblcoked dlmeihylsllcxane«3<nercap- 
tcprepyi(moihyl)siloxane copolymer (viscosity =100 
mPa.s (csntipofee). rneroapto group content = 4.0 
welght%], 100 weight parte of drmethyMrtylsiloxyend- 
» blocked dimethyipolysiloxajie [Weceetty = 2,000 mPas 
(centipoiee). vinyl content* 0.23 wetghffcL and 1 weight 
pan of 1 -(4-isopropylpheny1)^-hytt 
pan-1-one. 

This UV-curable silicone composition was directly 
99 irradiated With Uv light from a hlgh^ressure mercury 
lamp while being simultaneously irradiated with UV light 
from a high-pressure mercury lamp that had been 
passed through a UV-cut filter. The product was a sili- 
cone gel having a low-tack silicone rubber skin al the 
3s surface. This silicone gel was produced using an expo- 
sure dose of 0.5 J/cm 2 for the 2B0 to 400 nm wave- 
lengths and an exposure dose of 0.B Jfcm 2 for the 200 

la QQQ vtm wawalertgthe (aacelucfing 280 nm). 



Direct exposure of the UV-curable silicone compo- 
sition prepared in Example 1 with UV light from a high- 
pressure mercury tamp produced a si Icon© gel having 
45 a very tacky and soft silicone rubber skin at hs surface. 
This silicone gel was produced using an exposure dose 
of 3 J/cm 2 for the 280 to 400 nm wavelengths and an 
exposure dose of 1.2 J/cm 2 for the 200 to 280 nm wave- 
lengths (excluding 280 nm). 

ffompamth/e Example 2 

The UV-curab|a silicone composition prepared in 
Example 1 was directly irradiated with UV light from a 
SB high-pressure mercury lamp and thereafter Irradiated 
with UV ticfit from a high-pressure mercury lamp inert 
had boon passed through a UV<ut filter. The product 
was a slkaone gel having a hard silicone resin skin at 



sp 
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tho surface. This silicone gal was produced using an ox? 
pocjure dose erf 3 J/cm 2 for the 280 to 400 nm wave- 
lengths and an exposure dose of 40 J/cm* for the 200 
10 280 nm wavelengths (excluding 280 nm). Numerous 
cracks *e?re also observed in the silicone reeln skin. * 

Comparative Example 3 

Direct exposure of the UV-curable silicone compo- 
sition prepared In Example 2 with UV Oghc from a high- ™ 
pressure mercury lamp produced a silicone gel having 
a very tacky and soft silicone rubber skin at lis surface. 
This silicone gel was produced using an exposure dose 
of 0.6 J/cm 2 for tho 280 to 400 nm wavelengths and an 
exposure dose ol 0.2 J/cm 2 for Ihe 200 to 280 nm wave- * 
lengths (excluding 280 nm). 

The method according to the present. Invention for 
curing UV-curable silicone compositions characteristi- 
cally comprises exposing a uv-curacie ell) cone compo- 
sition to ultraviolet light at a ratio of the exposure dose & 
tor wavelengths of 200 to 280 nm (excluding 280 nm) to 
iho exposure dose for wavelengths of 280 to 400 nm of 
0.5 to 10.0. As a result, our method can produce a tow 
surtace tack cured silicone whose surface is harder than 
its interior. ** 



claims 

1. • A method for curing UV-curable silicone compos]- do 
tksns. comprising the step of exposing an U\Acura- 
ble silicone composition to ultraviolet radiation hav- 
ing an exposure dose ratio of 0.5 to 10.0, wherein 
the exposure oose ratio is the exposure dose lor the 
wavelengths from 200 nm up to, but not inducing 3g 
260 nm, divided by the exposure dose for the wave- 
lengths from 280 nm to 400 nm 

2_ The method of claim 1, wherein the IMcwable sil- 
icone composition yields, upon cure, a siQcone gel 49 
having a silicone rubber covering at its surface. 

3. The method of claim 1 , wherein the UV-curable sil- 
icone composition comprises an acrytamlde-func- 

t tonal organopolyslloxane. 4* 

4. The method of claim 1 . wherein the UV-curable sil- 
icone composition comprises A) an crganopofysi- 
loxane having at least 2 mercaptoalkyl groups in 
each molecule, and B) an organaporyseoxane hav- 60 
ing at least 2 aJiisrr/! sreaps in ssch mdec-Jle, in a 
quantity thai provides 0.1 to 5 moles of alkenyt 
group per mole of mercaptoalkyl group. 
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